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1
PISTON WITH SIMPLE RETENTION VALVE

SUMMARY OF THE INVENTION

The objective of the present invention is to resolve
the limitations of the pistons present in pumps (or com-
pressors) using the principle of positive displacement, in
order to provide for a pump (or compressor) with opti-
mal pressure ratio and to maximize the area of possible

flow through a simple retention valve secured to the
piston.

The piston which meets the objectives of the present
invention is constituted by a cylindircal body which is
displaced within another cylinder, a stem which trans-
mits a periodic movement to a plug which can contact
the cylindrical body through a seat, in one direction,
and through any other method which can transmit the
movement of the stem of the cylindrical body in the
other direction.

The piston which in the object of this invention,
together with a retention valve secured to the cylinder,
within which the piston is displaced, will constitute a
pump which may be used for pumping viscous fluids
with or without contents of suspended solids. If another
retention valve is secured in the cylinder within which
the piston is displaced, so that the piston is displaced
between the two retention valves, then the pump (or
compressor) will also be able to pump fluids with a high
contents of dissolved gases and/or water vapor.

For a better understanding of this invention, a possi-
ble embodiment of same and its operation will be de-
scribed, when same will form part of a pump (or com-
pressor), with the understanding that this presentation is

merely for explanatory purposes and is in no way limita-
ttve.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 1s a diagram of the component parts of the
present invention.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 represents a possible design of the piston,
which is the subject of the invention. The piston is
displaced inside a fluid flow conduit or cylinder 1 and
formed by a cylindrical body 2, a stem 3 and a simple
retention plug 4. The plug 4 and the cylindrical body 2
where it is seated constitute the traveling retention
valve J; the traveling retention valve 5 may also herein-
after sometimes be referred to as the plunger 5.

Since the travleing valve 5 is located in the suction
end of the piston, the pressure ratio in the pump is opti-
mal.

The free space between the stem 3 and the interior of
the cylindrical body 2 is the only factor which limits the
flow area through the piston; that is, the area of the
inside diameter of the cylinder 2 minus the area of the
stem, or plunger reciprocating means, 3 is the theoreti-
cal maximum flow area through the plunger. As is ap-
parent from the Figure, said area may be described as a
generally uninterrupted annular flow area it is possible
to optimize the flow area through the traveling valve 5
taking as a limiting factor the space which exists be-
tween the plug 4 and the cylinder 1; that is, said space,
which is the area of the inside diameter of the cylinder
1 minus the area of the plug 3, when equal to the area of
the inside diameter of the cylinder 2 minus the area of
the stem 4, will provide the optimal, or maximum flow
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through the plunger. When the flow area between the
plug 4 and the cylinder 1 is equal to the flow area be-
tween the stem 3 and the interior of the cylindrical body
2, the flow is optimized. That is, the cross section area
between the plug 4 and cylinder 1 is made equal to the
minimum internal cross section area of sleeve 2, which
minimum internal cross section area is established by
the inwardly extending shoulder 10. The sleeve 2 has a
maximum internal cross section area as can be readily
seen from the figure. If necessary the flow area between
the cylinder 2 and the stem 3 may be reduced by reduc-
ing the inner diameter of the portion of the cylindrical
body 2 where the plug is seated, as by the small shoul-
der, unnumbered, at the lower end of cylinder 2 is indi-
cated in FIG. 1.

The operation of the piston, the subject of the inven-
tion, 1s hereinafter described when it is applied to pumps
in which the stem is moved in a vertical direction, like
in the underground pumps used in the petroleum indus-
try. The explanation of the operation is valid for all
pumps (or compressors) using the principle of positive
displacement. If the stem is moved in a direction other
than vertical, then only the gravitational components
which actuate in the vertical direction need to be con-
sidered.

During the operation of the pump, when the stem 3
commences to descend from the extreme upper posi-
tion, the annular retention valve 6 (secured to the cylin-
der 1 on the discharge side of the piston) which is used
optionally when there is a high content of gases and/or
water vapor dissolved in the fluid, is closed. Closure of
check valve 6 starts to support the effects of the coun-
terpressure and of the weight of the fluid column lo-
cated above the valve 6; meanwhile, the piston descends
by the mechanical action of the stem 3, aided by the
action of the weight of the reduced fluid column lo-
cated between the traveling valve 5§ and the check valve
6 or by any fluid column when the check valve 6 is not
used, until the increase of the pressure between the
retention valve § and the stationary pressure responsive
check valve 7 (secured to the cylinder 1 on the suction
side of the piston) and primarily the friction between the
cylindrical body 2 of the piston and the cylinder 1 stops
the movement of said cylindrical body 2. When the
latter is detained, the plug 4, which is secured to the
stem 3, 1s separated from its seat in the cylindrical body
2 and continues to descrend until said plug 4 or any
other means again establishes contact with the cylindri-
cal body 2 at an extension 8 integral herewith, transmit-
ting thus the descent movement to the piston. The open-
ing of the traveling valve § is forced and not due to the
difference of pressures. Therefore, the fluids which may
be present within the cylinder 1 between the traveling
valve § and the fixed valve 7 do not have to be com-
pressed. As the piston descends, said fluids flow
through the traveling valve § and the cylindrical body
2.

Once the piston reaches its extreme lower position
and the stem 3 starts to rise, the plug 4 closes the travel-
ing valve 5 as soon as it makes contact with the seat of
the cylindrical body 2 and imparts the ascending move-
ment upon the piston; all this occurs when the relative
speed of the fluid at both sides of the valve is zero. As
said piston rises, a drop of pressure is going to be cre-
ated inside the cylinder 1 between the traveling valve §
and the stationary check valve 7 until this pressure is
less than the tank’s own pressure (any container or
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location where the fluids are located). Then this latter
valve 7 will open, allowing the flow of the fluids from

the tank to the interior of the cylinder 1. Meanwhile, if

check valve 6 is used, as when the contents of gas and-
/or water vapor so merits it, the fluid present inside the
cylinder between the traveling valve 5 and the check
valve 6 is going to be compressed until the pressure in
the area will be higher than the counterpressure effects
and higher than the weight of the fluid column which
acts on the check valve 6, in which case the valve opens
and allows for the outflow of the fluid.

Finally, when the piston reaches the extreme upper
position and commences to descend, the fixed valve 7
closes and the pumping cycle is repeated.

The advantages of the present invention are:

1. Prior to the start of the suction cycle of the piston,
the stem 3 causes movement of the plug 4 which is
displaced toward its seat in the cylindrical body 2, and
it starts to close the opening of the plunger 5. All this
takes place when the relative velocity of the fluid, on
both sides of the retention valve, is zero; therefore, the
erosion effects of the fluid upon the components of the
piston are practically eliminated.

2. since the traveling retention valve, located in the
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piston closes prior to the start of the suction stroke of 25

the piston the pumped volume is practically the maxi-
mum volume.

3. If the pumped fluid contains a high content of gases
and/or water vapor, the fact that the traveling retention
valve opens in a forced manner (mechanically), and not
by difference in pressures, eliminates in piston stroke the
possible condition of blocking by gases and/or water
vapor.

4. If the pump is installed so that the stem is moved in
a direction other than horizontal, the possibility exists
that solids suspended in the filuid may be deposited on
the traveling retention valve. The position of the plug 4
in the piston is such that the flow of fluid can reheve,
this condition.

5. The shape of the plug may be designed in such a
manner that the traveling valve presents the maximum
area of flow which is permitted with a simple retention
plug and offers optimal characteristics with respect to
the dynamic of the fluids.

I claim:

1. A positive displacement retention valve pump ap-
paratus in which the actual flow equals the theoretical
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maximum flow through the retention valve, said appa-
ratus inclduing, in combination,

a confined fluid flow conduit,

a piston adapted for reciprocal movement within the
fluid flow conduit between upstream and down-
stream limit positions,

piston reciprocating means, and

pressure responsive check valve means located up-
stream with respect to the piston in the fluid flow
conduit,

said pressure responsive check valve means being
operable to permit fluid flow therethrough 1n a
downstream direction toward the piston, and to
preclude fluid flow therethrough in an opposite
direction,

said piston being composed of a plurality of parts
which are relatively movable with respect to one
another,

said piston including a simple retention valve consist-
ing of a plug means, a cylinder having a minimum
and a maximum internal cross section flow area
therein and being reciprocable within the confined
fluid flow conduit, and a seat on the cylinder for
the plug means, |

said piston reciprocating means being operatively
connected to the plug means,

said piston being arranged to close, and thereby block
the fluid flow conduit, prior to the suction stroke of
the piston,

the flow area between the plug means and the fluid
flow conduit being equal to the flow area between
the plunger reciprocating means and the minimum
internal cross sectional flow area of the cylinder
downstream from the cylinder seat whereby the
flow through the piston is optimized.

2. The positive displacement simple retention valve
pump apparatus of claim 1 further characterized by and
including

a second pressure responsive check valve means lo-
cated downstream with respect to the piston in the
fluid flow conduit,

said second pressure responsive check valve means
being operable to permit fluid flow therethrough in
a downstream direction away from the piston, and
to preclude fluid flow therethrough in an opposite

direction.
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